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© Programmable connector. 



© An apparatus for connecting a general purpose 
or host computer and a device is disclosed. Also 
disclosed is a method for using this apparatus. Ba- 
sically, a connector or cable includes a microproces- 
sor and memory in addition to the connectors neces- 
sary to connect to the general purpose computer 
and the device. The memory included, stores device 
code or a set of instructions for controlling the de- 
vice and sets of instructions for controlling the two 



connectors to allow data to pass between the gen- 
eral purpose computer and the device.; The micro- 
processor executes these instruction sets. Advanta- 
geously, the device code developed for a prior ap- 
plication can be downloaded to the cable or connec- 
tor and the control code for controlling the two 
connectors can be developed using tools available to 
a user on the computer used ip the/prior application. 
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PROGRAMMABLE CONNECTOR 



In a general purpose computer, it is advanta- 
geous to provide the ability to connect to as many 
devices as possible. To accomplish this objective, 
use is made of many standard parts, including 
input/output connectors or communication ports. 
Even though standard input/output connectors or 
communications ports are provided on computers 
there are many instances in which the general 
purpose computer and another device are unable 
to communicate directly with each other. This 
stems from the fact that although the standard 
input/output connectors or communications ports 
are provided, the use of these standard connectors 
or ports is not necessarily standard. 

A standard connector or port generally has a 
number of pins which are used to carry data and 
other signals to or from the general computer and 
to or from another device such as a printer, a 
second computer or a memory unit. The general 
computer is programmed or configured to receive 
and .send -certain data and certain types of signals- 
across certain pins of the standard connector or 
communications port. Certain pins can also be des- 
ignated as blanks or masked off so that no data or 
signals pass across the pin. Similarly, the other 
device is programmed or configured to use certain 
pins to transfer data and other signals across cer- 
tain pins. Problems arise when the pins on the 
general purpose computer and the pins on the 
other device have been programmed differently. In 
other words, a certain signal or data will be trans- 
ferred from the general purpose computer over a 
designated pin and the other device will expect to 
receive that signal over a different pin since the 
other device has been programmed or configured 
differently. 

Other problems occur due to differences in 
timing of the passing of the data" or signal. For 
example, a user may want to link a device pro- 
grammed to transfer data to a computer which is 
always ready to receive data to a different, general 
computer which handles a multitude of tasks. In 
many instances, a general conhputer which handles 
a multitude of tasks may be programmed to place 
receipt of data at a slightly lower priority than other 
tasks it has been programmed to perform. As a 
result, the general purpose computer may not al- 
ways be ready to receive data. In this case, the 
device, which is now linked to the general purpose 
computer handling a multitude of tasks, may send 
the data expecting the general purpose computer 
to be ready to receive the data. The result can be 
loss of data since the device sending the data 
thought that the general computer is always ready 
to receive data when in fact it was not because the 



computer was performing a more important task. In 
short, a multitude of problems can result due to the 
fact that the device and the general purpose com- 
puter are programmed Differently with respect to 

5 the transfer of data. This problem is analogous to a 
tourist who knows no French trying to order from 
the menu in a Parisian restaurant. Most of the time 
the data is never received and even when the data 
is received, it is generally so garbled that the order 

10 is rarely understood. 

In the past the problem was solved by 
"reprogramming" either the device or the general 
purpose computer so that either the device or the 
general purpose computer speaks the same lan- 

75 guage as the other. Most often, the 
"reprogramming" has generally been accom- 
plished by adding hardware to the general purpose 
computer so that H emulates the communications 
protocol of the particular device to which it must 

20 transfer data or "talk". The hardware added to the 
-general- purpose computer generally comes- in the 
form of a printed circuit board which is added to 
the general purpose computer typically in a slot 
provided on the general purpose computer. 

25 Among the problems with such solutions is that 
. ' : a piece of hardware must be purchased fpr specific 
devices which are attached to the general com- 
puter. For example, the user must buy a commu- 
nications board to insert into a general purpose 

30 computer that he wants to have communicate with 
the specific device. If the user wants to replace a 
specific device with something slightly different, a 
new communications board may have to be pur- 
chased. In addition, for some of the specific de- 

35 vices such a communications board may not be 
available. As a result, the user may make select 
the general purpose computer on the basis of 
which general purpose computers has a commu- 
nications board available which allows the specific 

40 device to communicate with the computer rather 
than on the basis of which general purpose com- 
puter may provide the optimal operation or total 
system. 

Also among the problems with such a solution 
45 is a lack of flexibility. If the user wants to attach a 
slightly different specific device, the communica- 
tions board may not accommodate the new re- 
quirements. If a problem arises with a hardware 
communications board the only way to fix It is to 
so send the board back for rework or get a new board 
which incorporates the fix. In the meantime, the 
specific situation that results in the problem has to 
be avoided or if a problem arises in the normal 
course of the way one uses the specific de vice, 
the user may not be able to use the device until 
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the hardware communications board can be fixed. 

Others have solved the problem by providing a 
cable which contains hardwired logic which, after 
setting several switches, will match the data lines, 
handshake or proto col lines, and the control lines. 5 
An example of such a solution is available from IQ 
Technologies Company which produces such a 
cable which interfaces a standard communications 
port known as the RS232. This solution still has 
shortcomings. Although it is flexible in reassigning w 
pins and voltage levels, it does nothing for speed 
matching incompatibilities, protocol conversion, or 
making it easier to port specific device software. In 
addition, the cable is still basically a hardware 
solution. If problems crop up with the cable the is 
users options are limited to obtaining a new cable 
which incorporates a fix or sending the cable back 
for rework. 

Another solution is to use a personal computer 
(PC) as a communications aid. The PC is attached 20 
between the general purpose computer and the 
unique device. One cable connects the general 
purpose computer to the PC and a second cable 
connects the unique device to-the- PC. The PC is- 
programmed to emulate the protocol of the general 25 
purpose computer at a first port and the protocol of 
the unique device at a second communications 
port. The PC is also programmed to hold this data 
being transferred and to transform or "translate" 
the. data so that it travels to its destination in an 30 
understandable form. 

This solution also has problems. Amongst the 
problems is the lack of control by the general 
purpose computer to reset the PC in the event of 
an error. Also, the PC is an additional computer 35 
with its own operating system, diagnostics and 
power-on procedures which greatly increases the 
operational and maintenance complexities of the 
overall system. In addition, adding a PC and an 
extra cable for several connections between unique ao 
devices and a general purpose computer increases 
the monetary cost of a system. Another problem 
associated with this solution is that adding of PC's 
to a system also requires much more space. Ad- 
ded space requirements are a very big concern in 45 
offices where many people share a small office. In 
summary.although this solution is flexible, it re- 
quires much more additional space and will in- 
crease the cost of a total system. For some sys- 
tems adding a PC may be more expensive than 50 
replacing a peripheral with on e capable of commu- 
nicating directly with the general computer. 

As a result, there is a need for a cable which 
allows for more flexible solutions and which can be 
used with many unique devices. There is also a 55 
need for a cable which can be tested and which 
can be programmed by the user using familiar 
tools available to the user. There is also a need for 



a solution which will use very little additional space. 

A connector or cable for connecting a general 
computer and a unique device is disclosed. The 
cable includes a microprocessor arid a dynamic 
random access memory- (known in the art as a 
DRAM) as well as a pair of; standard communica- 
tions ports. One communication;;port is attached to 
the general computer and -the bther communication 
port or standard connector is jattabhed to the 
unique device. The microprocessor and the dy- 
. namic random access memory : is electrically con- 
nected between the two comrriiinfcations ports or 
standard connectors. In u$ e; the microprocessor is 
programmed so that it can receiver data from either 
the unique device or the genera! purpose computer 
over the proper pins on the standard connector. 
Once received, the data, or the signal, " may be 
stored in the DRAM until the de vie© to which the 
data is to be sent indicates that rt is ready to 
receive data. When the device to which the data is : 
to be sent is ready, the data is plaped on the 
proper pins so that the device to which the data is 
sent will recognize the data 

Advantageously, the rhjeroprocessor in the ca- 
ble can be . programmed tp carry date over any 
configuration of pins on one: standard interface to 
any configuration . of pins on a second standard 
interface. In addition, the microprocessor can be 
programmed so that the timing requirements on 
both the general purpose computer and the unique 
device are met: Programming the microprocessor 
is accomplished using familiar topis known to the 
user. The program, once perfected, can be down- 
loaded t p the microprocessor on the cable. A new 
program containing any fixe? can also be down- 
loaded to the cable. This inventive cable provides 
for a flexible, cost effective, solution which also 
requires very little additional space. 

Fig. 1 is top view of a cable connecting a 
device to a general purpose computer. 

Rg~ ^ is a~ block dT^r^^howTrig- the "basic " 
components of the smart programmable cable. 

Fig. 3 is a block diagram showing a typical 
existing application on a dedicated computer. 

Fig. 4 is a block diagram showing the develop- 
ment environment for programming of the smart 
programmable cable. 

Fig. 5 is a block diagram showing the end use 
environment of the smart programmable cable. 

Shown in Fig. 1 is a general purpose computer 
10 which is provided with at least one communica- 
tions port or standard interface 12. Also shown is a 
peripheral device 14 which also has a communica- 
tions port or standard interface 16. The peripheral 
device 14 is any of a number of devices such as a 
printer or cash register. The interface or commu- 
nications port 12 and the communications port 16 
may be the same standard port but used in dif- 
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ferent fd^ners or could be two different commu- 
nications ports. A programmable cable 1 8 is shown 
connecting the general purpose computer and the 
peripheral device 14. The programmable cable 18 
is attached to the port 12 of computer 10 and the 
port 16 of the peripheral device 14. The program- 
mable cable 18 has a connector 17 for attaching to 
the computer 10 physically located on one end of 
the cable 18 and a connector 19 on the other end 
of the cable 18 for connecting to the peripheral 
device 14. 

The programmable cable 18 will now be de- 
scribed in detail by referring to the schematic dia- 
gram shown in Rg. 2. It should be noted that the 
programmable cable or connector 18 is not limited 
to a particular material. For example, the cable 18 
may use fiber optic cable for transmitting data and 
signals rather than a metallic conductor. The prog- 
rammable cable 18 includes a microprocessor 20, 
a DRAM or dynamic random access memory 22, a 
ROM or read only memory 24, and a first commu- 
nications port controller 26 and a second commu- 
nications port controller 28. The first communica- 
tions port controller 26 is connected to a standard 
connector oh "oneWd of The cable 18: Although the 
first communications port controller 26 can be at- 
tached to either connect or on either end of the 
cable 18, for ease of discussion it will be assumed 
that communications port controller 26 is attached 
to connector 1 7 which attaches to the computer 1 0. 
The second communications port controller 28 is 
attached or electrically connected to the connector 
19 on the other end of the programmable cable 18 
which is attached to the peripheral device 14. The 
first communications port controller 26 has a group 
of lines 30 and the second communications port 
controller 28 has a group of lines 32. Each group of 
lines includes transmit, receive, data terminal 
ready, clear to send, carrier detect, data set ready, 
request to send and ring indicator which are gen- 
erally Jtand^rd_ in_most_appljcatlons and therefore 
were not separately numbered. The group of lines 
30 and the group of lines 32 receive and transmit 
data between the device to which each is con- 
nected and the electronics on the programmable 
cable 18. 

The programmable cable 18 also includes a 
bus control 34 which supports the microprocessor 
20. The bus control 34 supports the microproces- 
sor by minimizing the amount of microprocessor 
resource needed to control the input and output 
functions of the microprocessor. The bus control is 
also selected so that it emulates the same type of 
bus control which is used in other common hard- 
ware configurations, such as a personal computer. 
The bus control is electrically connected to several 
pins on the microprocessor 20 and is also elec- 
trically connected to the first communications port 



controller 26 and the second communications port 
controller 28 with an I/O write line 38 and an I/O 
read line 40. The microprocessor 20 is electrically 
connected to the DRAM 22 with a write line 42. 

5 The micro processor 20^puIjo electrically con- 
nected to the ROM 24 and the DRAM 22 with a 
read line 44. 

The programmable cable 18 also includes a 
controller 36 for controlling the multiplexing of ad- 

w dress lines to the DRAM 32. 

In operation, a set of code called device code 
is downloaded from another computer to the elec- 
tronics on the programmable cable. Rg. 3, shows 
an example of an existing application on a persona! 

is computer. Block 50 represents the software on the 
existing or personal computer. Block 50 is sub- 
divided into the hardware and the several groups of 
software which are the building blocks needed to 
form the software and hardware combination for 

20 running the existing application. Block 52 is the 
communications port over which data and informa- 
tion is transferred between the existing computer 
(not shown but represented by block 50) and a 
unique peripheral device 14, such as the cash 

25 register shown in FigT 3: The romnwnicatioris port" ~ 
52 is usually embodied within a hardware circuit 
board found within the existing computer, such as 
a personal computer. The programmable cable 18 
includes the same or a similar hardware commu- 

30 nications port 52. Block 54 represents the device 
code which is the group of code which controls the 
unique device 14. Block 56 represents the DOS 
(Disk Operating System) commands and block 58 
represents the file calls which are called upon as 

35 the existing application is running. Block 60 repre- 
sents the group of software which provides the 
user interface on a personal computer. 

Rg. 5 shows a block diagram of the software 
on the programmable cable 18 as it interacts and is 

40 connected to the general computer or host com- 
puter IQ-Jn Hg. 5, the general or h^sL computer i o _ 
is in t he form of a block 62 which in turn contains 
blocks of both hardware and software within the 
computer 10. Rg. 4 shows the development envi- 

45 ronment which is necessary for programming the 
programmable cable 18. Rg. 4 also includes a 
computer 10 shown in the form of a block 62 which 
contains a set of software and hardware blocks. 
The computer 10 shown in both Rgs. 4 and 5 are 

so an AS/400 computer made by International Busi- 
ness Machines Corp, It should be understood that 
this programmable cable 18 may be used to con- 
nect a peripheral device 14 to many other comput- 
ers such as those built by Digital Equipment Cor- 

55 poration or Data General or any of a number of 
other manufacturers. Each computer manufacturer 
uses different software and hardware blocks. To 
avoid confusion, only the software blocks which 
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need to be modified are specifically numbered. It 
should also be noted that the software blocks that 
are modified are common to most manufacturers of 
computers and peripherals. 

In order to use the programmable cable, the 
device code is downloaded to the DRAM 22 on the 
programmable cable 18 and the user must also 
download some newly developed protocol software 
which controls the a first communications controller 
26 and the second communications controller 28 
on the programmable cable 18. As shown in Rg. 4, 
this protocol software can be developed using the 
existing computer and editors, compilers, assem- 
blers, and debug »*J trace tools which run on the 
same type of computer used in the existing ap- 
plication as shown m Fig 3 ft should be noted that 
the most common type o* dedicated computer 
used in these existing applications is a personal 
computer. One of the reasons for the wide use of 
the personal computer includes the fact that there 
is an abund*K* o< software available for use on 
these computers including editors, compilers, as- 
semblers, and debug and trace tools. For the sake 
of ease "of ~d~scuss»on7 app*carir will refer to the 
type of computer used in the existing application 
as well as in programming the programmable cable 
18 as a personal computer. 

As mentioned above, in-order to use the prog- 
rammable cable 18. the user is required to develop 
protocol software. Fig. 4 shows the development 
environment for developing this protocol software. 
Basically, the computor used previously in the ex- 
isting application is provided with an additional 
communications port 66 which is required to trans- 
fer data between a communications port 68 on the 
general or host computer 10 (represented as box 
62 in Figs. 4 and 5) and the existing computer 
(represented as box 50). The communications port 
66 will also be duplicated on the programmable 
cable 18._Thus, portions of the programmable ca- 
ble 18, namely the device code 54, the commu- 
nications port 52. and the communications port 66, 
are duplicated on the computer which formerly ran 
the existing application. In order to use the prog- 
rammable cable the control function, shown as box 
53, which formerlycontrolled one port 52, must be 
reprogrammed so that it now controls port 52 and 
port 66. which interface with the unique device 14 
and the general or host computer 10 (represented 
in Figs. 4 and 5 by box 62), respectively. 

Advantageously, the user reprograms the com- 
munications control represented as box 53 using 
well known and familiar tools. The user employs 
the same tools which were used to program the 
existing computer (represented by box 50) to pro- 
duce the new control software 53. Another advan- 
tage is that once the new control software is devel- 
oped it is used in the development environment 



shown in Fig * 4 until the user fdlfe j^ed tffet all 
the bugs or glitches in the control program 53 have 
been found and corrected. Also while in the devel- 
opment environment shown in Fig. 4, the user can 

5 modify a control block 70 and a user interface 72 
in the computer 10 (represented as block 62 in Rg. 
4). By modifying the control 70 and the user inter- 
face 72, the user can modify the user interface so 
that it duplicates the interface in the previously 

70 used application shown in Fig. 3. 

In order to use the programmable cable 18, the 
device code represented by block 54 and the com- 
munications controlling software represented by 
block 53 are downloaded onto the electronics of 

is the programmable cable 18. Advantageously, the 
existing code necessary to control the device re- 
presented in block 54 remains unchanged. This 
allows for connection of the existing unique periph- 
eral device 14 with a minimal amount of software 

20 development. An additional advantage is that use 
of the programmable cable 18 is flexible since use 
of the cable with another application merely re- 
quires downloading of the device code and a newly 
developed communications control 53 from the 

25 new existing application. 

Downloading of the device code 54 and the 
communications control code 53 will now be dis- 
cussed by refemhg to Fig. 2. A reset message is 
sent to the ROM or Read Only Memory 24 which 

30 triggers a program in the ROM which is read by 
the microprocessor 20. This program essentially 
commands the microprocessor to scan the second 
communications controller 28 for sets of code. The 
device code 54 and the new control code 53 is 

35 received bit by bit at the second communications 
controller 28 through the group of lines 32. The 
device code is sent by way of an I/O write line 38 
to the microprocessor 20. The bus control 34 con- 
trols the transfer of the device code into the micro- 

40 processor 20. The device code is then sent from 
tiie"7r^r6processor 20^n^ wnfterT^ 
or dynamic random access memory 22. The de- 
vice code and the communications code are trans- 
ferred over the write line 42 from t he microproces- 

45 sor 20 to the DRAM 22. The result of downloading 
the device code, represented as block 54, is that 
the programmable cable 18 now contains the de- 
vice code 54 and the control code 53 as shown in 
Fig. 5. 

so In operation, the programmable cable 18 con- 
trols the peripheral device 14 using the device 
code 54. Furthermore, the data is transferred from 
the device 14 to the general or . host computer 
using the newly developed control code 53. The 

55 control code 53 controls the first port con trailer 26 
which interfaces with the port 56 on the program- 
mable cable and is also connected to the commu- 
nications port 68 on the host or general computer 
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^(depicted as box 62 in Fig. 5). The control code 
also controls the second port controller 28 
which interfaces with the port 52 on the program- 
mable cable and is also connected to the unique 
device 14. The first port controller 26 and the 
second port controller 28 have some capacity for 
buffering data. Data is passed into and out of the D 
RAM 22 as required by the control code 53. Stor- 
age and retrieval of the data is achieved and con- 
trolled in a conventional manner using the 
CAS/RAS control 36 to multiplex the address of the 
DRAM and an address decoder and and address 
latch and address and data buses. 

The present invention and the best mode of 
practicing it has been described. It is to be under- 
stood that the foregoing description is illustrative 
only and that other means and techniques can be 
employed without departing form the full scope of 
the invention as described in the appended claims. 

Claims 

1. A connector for attaching a device to a com- 
puter comprising : 

at first communications port; and 
a second communications port; 
charaterized in that it further comprises : 
means for storing a set of instructions for con- 
trolling the device and the first communications 
port and a second communications port; and 
means for processing the set of instructions for 
controlling the device and the first communica- 
tions port and the second communications 
port. 

2. The connector for attaching the device to a 
computer as described in Claim 1 wherein the 
set of instructions for controlling the device 
and the first communications port and a sec- 
ond communications port allows data to be 

- ^transferred-between-the-device^and-the-cor 

puter. 

3. The connector for attaching the device to a 
computer as described in Claim 2 wherein the 
set of instructions for controlling the device 
and the first communications port and a sec- 
ond communications port further comprises 
instructions for controlling the device previous- 
ly written for use with another computer. 

4. The connector for attaching the device to a 
computer as described in Claim 1 wherein the 
connector comprises a fiber optic conductor. 

5. The connector for attaching a device to a com- 
puter as described in Claim 1 wherein the 
connector comprises a metallic conductor. 
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6. The connector for attaching a device to a com- 
puter as described in Claim 1 wherein the 
means for storing a set of instructions for con- 
trolling the device and the first communications 
port and a second communications port com- 
prises a dynamic randorh access memory. 

7. The connector for attaching a device to a com- 
puter as described in Claim 6 further compris- 
ing means for storing, a set of instructions for 
reading the set of instructions for controlling 
the device and the first communications port 
and a second communication s port. 



8. The connector for attaching a device to a com- 
puter as described in Claim 7 wherein said 
means for storing a set of instructions for read- 
ing the set of instructions for controlling the 
device and the first communications port and a 

20 second communications port is ' a read only 
memory. 

9. The connector for attaching a device to a com- 
puter as : described in Ciaim t wherein the 

25 means for processing the set of instructions 
controlling the device and the first communica- 
tions port and the second, communications port 
is a microprocessor. 
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10. The connector for attaching a device to a com- 
puter as described in Claim 9 wherein the 
microprocessor includes a clock and a timer. 

11. The connector for attaching a device to a com- 
puter as described in Claim 7 further compris- 
ing a controller for multiplexing inputs and out- 
puts of the dynamic random access memory. 

12. The connector for attaching a device to a com- 
puter as described in Claim 1 further compris- 

ing: rr— 

a controller for the first communications port; 
a controller for the second communications 
port wherein the set of instructions for control- 
ling the device and the first communications 
port and the second communications port pro- 
vides instructions to the controller for the first 
communications port and the second commu- 
nications port 



50 



13. The connector for attaching a device to a com- 
puter as described in Claim 12 further com- 
prising: 

a bus control electrically connected to the 
55 means for processing the set of instructions for 

controlling the device and the first communica- 
tions port and the second communications 
port; 
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an I/O read line electrically connecting the bus 
control to the controller for the first commu- 
nication s port and the controller for the sec- 
ond communications port; and 
an I/O write line electrically connecting the bus 5 
control to the controller for the first commu- 
nications port and the controller for the second 
communications port, wherein the bus control 
supports the means for processing the set of 
instructions by lessening the amount of re- io 
sources necessary to control the I/O read line 
and the I/O. write line. 

14. A method for providing a set of instructions for 
a connector having a first communications port is 
and a second communications port and a 
memory for storing a set of instructions and a 
means for processing the set of instructions 
characterized in that it comprises the steps of : 
providing a first computer, used to control a 20 
device, with a second communications port, 
said first computer having a first communica- 
tions port and having a set of instructions for 
I controlling a device, said first computer at- 

! tached to the device by way of the first com- 25 

munications port; 

attaching the first computer to. a second com- 
puter by way of the second communication 
port of the first computer; 

creating a set of control instructions for control- 30 
ling data transfer between the first communica- 
tions port and the second communications port 
on the first computer; and 
downloading the set of instructions for control- 
ling the device attached to the first computer, 35 
and the set of control instructions for control- 
ling data transfer between the first communica- 
tions port and the second communications port 
on the first computer, to the connector. 
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